Summary. Significant progress has been achieved in computational methods to treat solvent effects in recent years. Among various techniques, the continuum solvent approach appears to be practically promising because it can be used to calculate reliable interaction and solvation energies in complex systems. A computational scanning mutagenesis method, one of such new approaches, has been recently developed. It combines the molecular mechanical and continuum solvent approaches and allows one to identify the 'hot spots' in binding interfaces from a single trajectory of a wild type complex. Such techniques can be also used as a tool to optimize the interacting species for the binding, or as a ranking procedure in high throughput screening.
Introduction
Most of the reactions of biological interest occur in water. Therefore, the evaluation of the solvent effect always represents a great importance and a challenge in development of the analytical and/or numerical molecular modeling approaches. All methods that consider the solvent as a part of a system can be divided into several major groups: (i) continuum electrostatic methods, (ii) explicit solvent models with microscopic detail and (iii) the hybrids of the first two (for reviews of these approaches see References 1-7). The Eisenberg and McLachlan approach [8] represents the simplest empirical model to calculate the free energy of solvation. According to this method, groups are assigned to some experimentally derived solvation free energy. The total free energy of solvation is then determined as a sum of the contributions from these groups, proportional to their accessible surface area.
Historically, continuum electrostatic methods were among the first to consider the solvent effect and they still represent very popular approaches to evaluate solvation free energies. The early applications of these methods used simple analytical functions to estimate the electrostatic interactions between solute, represented with point charge(s) or dipole moments and solvent which was described as a polarizable spherical cavity surrounded by a continuum medium characterized by a dielectric constant [9] [10] [11] . The Born formula was the first such an analytical model to estimate the solvation free energy for ions [9] . This approach was further applied to ionic solutions by Debye and Hückel [12] . Kirkwood extended the Born approach to a system of several charges surrounded by a spherical cavity and Onsager developed a model for calculation of the solvation free energy for a dipole in a spherical cavity [11] . This latter method is currently implemented in various ab initio programs to treat the solvent effect. The continuum approach was further applied to proteins by Tanford and Kirkwood [13], who described the proteins as spheres with their charge distributed on the surface because of a lack of structural information. The Poisson equation was used to determine the electrostatic interactions between the solute charged groups and polarizable solvent. This allowed the equation to be solved analytically with spherical algebra. Subsequent continuum models utilizing the Poisson equation used simplified models such as spheres for proteins, cylinders for DNA and planes for membranes, which allowed analytical solutions to the Poisson equation. With the advances in computational techniques it became possible to use numerical methods for molecules of different shapes. Warwicker and Watson [14] applied the finite difference method to solve Poisson's equation on a grid for proteins. The interior cubes were assigned a lower dielectric, while the solvent had a higher dielectric constant and the boundary had an intermediate value. This method was applied to evaluate the pK a for titratable groups in proteins using the intrinsic pK a values as reference values. The finite difference method to solve the Poisson-Boltzmann equation (FDPB) for systems with the different ionic strengths was first developed by the Honig group [15] [16] [17] . This approach has also been implemented in various software packages: DelPhi [17], MEAD [18] , UHBD [19] and others. Some of the drawbacks of the FDPB approach are that the method estimates only the electrostatic contribution to the solva-
